The electromagnetic waves such as visible light and microwaves consist of orthogonal electric and magnetic field both orthogonal to the propagation direction of the wave. The polarization of the electromagnetic wave is meant to describe the magnitude and the direction of the electric field of the wave. Specifically, the polarization of a radiated wave is defined as "that property of a radiated electromagnetic wave describing the time-varying direction and relative magnitude of the electric field vector; the trace and magnitude of the electric field vector are observed in the direction of light propagation" 1,2 ,
Introduction
The polarization of electromagnetic wave (EMW) is the basic property of the EMW, which is widely used and controlled in Laser 3,4, interferometer 5,6 and photography 7 . The sketch for the linear polarization (red curves) of EMW is shown in where E x is the magnitude of the electric field in x-direction, E y is the magnitude of the electric field in x-direction, Phi x is the phase of the electric field in x-direction, Phiy is the phase of the electric field in y-direction and omega is the frequency of the EMW. The three major polarization state are defined based on the differences in phase and magnitude of x-direction and y-direction EMW.
Linear Polarization
Assume E y in the mathematical expression for the electric field equals to zero, which gives the definition of electric field as:
The electric field on certain propagation position will oscillate only on the x-axis with the angular frequency of omega, which is shown as below: Thus, the similar polarization of electric field on only a specific straight direction is defined as linear polarization. On the other hand, Assume E y equals to zero, which gives the electric field as:
The electric field only oscillate on the y-axis with the angular frequency of omega, which is shown in Fig.3 :
Fig. 3 y-axis linear polarization 13
Generally, with x-direction oscillation and y-direction oscillation share the same phase, the linear polarization field pattern can be express as: The polarization sketch is shown in Fig. 4 :
Fig. 4 general linear polarization 14

Circular Polarization
The circular polarization state is a special polarization state of elliptical polarization state, which satisfies the following conditions: 1) The field must have two orthogonal polarized components (such as x-direction and y-direction).
2) The two components mist have the same magnitude (E x = E y ), 3) The two components must have a time-phase difference of multiples of 90 degrees. Thus the field pattern can be written as:
And the polarization pattern can be drawn as Fig.4 the left circular polarization (counterclockwise) is achieved when number n equals to (4m-1) (m is integer) and the right circular polarization (clockwise) is achieved when number n equals to (4m+1).
Elliptical Polarization
The elliptical polarization is the general definition of the EMW polarization state whose field pattern can be expressed after make the simple math transformation of E x and E y :
where :
thus the electric field pattern can be calculated as :
The above is a elliptical polarization which can be seen as the superposition of two circular polarization possessing different magnitude and direction. And the general elliptical polarization pattern is shown below: 
What's the relationship between these polarization and how can we control?
The circular polarization can be seen as the superposition of two linear polarization waves having the same magnitude, 
